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1. 

COUPLNG AND JOINT FOR FIXEDLY AND 
SEALINGLY SECURING COMPONENTS TO 

ONE ANOTHER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of U.S. patent 
application Ser. No. 12/183,761 filed on Jul. 31, 2008 and a 
continuation-in-part of U.S. patent application Ser. No. 
13/531,014 filed on Jun. 22, 2012 which claims the benefit of 
U.S. Provisional Patent Application No. 61/500.907 filed Jun. 
24, 2011. The entire disclosures of each of the above appli 
cations are incorporated herein by reference. 

FIELD 

The present disclosure generally relates to fluid conduit 
systems that may be employed, for example, for routing and 
delivering potable water, gases or chemicals. 

BACKGROUND 

This section provides background information related to 
the present disclosure and is not necessarily prior art. 

There has long been a need for joining two components in 
a manner that fixedly and sealingly couples the components to 
one another. One extremely common application concerns 
the coupling of copper tubing that is commonly employed to 
transmit potable water in a building. 
One system for joining components is disclosed in U.S. 

Pat. No. 7.316,429, which discloses connection piece having 
a sealing ring, a cutting ring and a T-shaped separating ring 
that spaces the sealing ring apart from the cutting ring. This 
system can be relatively expensive and as such, there remains 
a need in the art for an improved joining system. 

SUMMARY 

This section provides a general Summary of the disclosure, 
and is not a comprehensive disclosure of its full scope orall of 
its features. 

In one form, the present disclosure provides an assembly 
that may include a fitting, a structure and a seal element. The 
fitting may include an annular body having an insertion end 
and an inner diametrical Surface having gripping features 
formed thereon. The structure may include an end that is 
received into the insertion end of the body and an outer 
diametrical Surface engaging the inner diametrical Surface of 
the fitting. The seal element may be disposed within the fitting 
and sealingly engaged to the structure and the fitting body. 
The engagement between the inner diametrical Surface of the 
fitting and the outer diametrical Surface of the structure may 
include a press fit and/or an interference fit. 

In another form, the present disclosure provides an assem 
bly that may include a fitting, a structure and a seal element. 
The fitting may include an annular body having an insertion 
end and an inner diametrical Surface. The structure may 
include an end that is received into the insertion end of the 
body and an outer diametrical Surface engaging the inner 
diametrical surface of the fitting. The outer diametrical sur 
face may include gripping features formed thereon. The seal 
element may be disposed within the fitting and sealingly 
engaged to the structure and the fitting body. The engagement 
between the inner diametrical surface of the fitting and the 
outer diametrical Surface of the structure may include a press 
fit and/or an interference fit. 
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2 
In another form the present disclosure provides an assem 

bly that may include a fitting, a first pipe, and a first seal. The 
fitting may include an annular body having a first insertion 
end and an inner diametrical Surface having a first knurled 
portion disposed adjacent the first insertion end. The first pipe 
may include a first end portion that is received into the first 
insertion end of the body and an outer diametrical surface 
including knurls formed thereon. The knurls of the outer 
diametrical Surface may engage the first knurled portion of 
the fitting. The first seal element may be disposed within the 
fitting and may sealingly engage the first pipe and the fitting 
body. The engagement between the inner diametrical Surface 
of the fitting and the outer diametrical surface of the pipe may 
include a press fit and/or an interference fit. 

Further areas of applicability will become apparent from 
the description provided herein. The description and specific 
examples in this Summary are intended for purposes of illus 
tration only and are not intended to limit the scope of the 
present disclosure. 

DRAWINGS 

The drawings described herein are for illustrative purposes 
only of selected embodiments and not all possible implemen 
tations, and are not intended to limit the scope of the present 
disclosure. 

FIG. 1 is a schematic illustration of an exemplary assembly 
constructed in accordance with the teachings of the present 
disclosure; 

FIG. 2 is a side elevation view of a portion of the assembly 
of FIG. 1; 

FIG. 3 is a longitudinal section view of the portion of the 
assembly that is illustrated in FIG. 2; 

FIG. 4 is a perspective view of a portion of the assembly of 
FIG. 1, illustrating the grip ring in more detail; 

FIG. 5 is a longitudinal section view of a portion of a 
second assembly constructed in accordance with the teach 
ings of the present disclosure; 

FIG. 6 is a longitudinal section view of a portion of a third 
assembly constructed in accordance with the teachings of the 
present disclosure; 

FIG. 7 is a longitudinal section view of a portion of a fourth 
assembly constructed in accordance with the teachings of the 
present disclosure; 

FIG. 8 is a perspective view of a portion of a fifth assembly 
constructed in accordance with the teachings of the present 
disclosure; 

FIG. 9 is a longitudinal cross-sectional view of the portion 
of the assembly of FIG. 8: 

FIG. 10 is a partial perspective view of a pipe having a 
knurled end portion according to the principles of the present 
disclosure; 

FIG. 11 is a side view of an exemplary tool for forming 
knurls in the pipe of FIG. 10; 

FIG. 12 is a partial cross-sectional view of the tool of FIG. 
11: 

FIG. 13 is a perspective view of a fitting according to the 
principles of the present disclosure; 

FIG. 14 is a cross-sectional view of the fitting of FIG. 13; 
and 

FIG. 15 is a cross-sectional view of a pair of pipes engaging 
the fitting according to the principles of the present disclo 
SUC. 

Corresponding reference numerals indicate corresponding 
parts throughout the several views of the drawings. 

DETAILED DESCRIPTION 

With reference to FIG. 1 of the drawings, an assembly 
constructed in accordance with the teachings of the present 
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invention is generally indicated by reference numeral 10. 
With additional reference to FIGS. 2 and 3, the assembly 10 
can include a component or structure 12 and a fitting 14. In the 
particular example illustrated, the assembly 10 is suited for 
use in communicating (i.e., Supplying, delivering, routing) a 
fluid. Such as a gas or liquid and as such, the structure 12 is 
illustrated to be a length of tubing. More particularly, the 
structure 12 in the particular embodiment illustrated is a 
length of drawn (full hard) copper tubing that is suitable for 
use in a system for the transmission of potable water. It will be 
appreciated, however, that the teachings of the present inven 
tion have broader applicability and as such, the scope of the 
present disclosure (and appended claims) is not limited to the 
particular application of the invention described and illus 
trated herein but rather extends to any joint wherein the com 
ponents of the joint are fixedly and sealingly joined in the 
manner disclosed herein. In this regard, it will be appreciated 
that the structure 12 need not be a tubular structure but rather 
could be any structure, such as a shaft, that sufficiently cor 
responds in size and shape to the fitting 14 So that a sealed or 
fluid-tight joint or connection may be formed therebetween. 

In FIGS. 2 and 3, the fitting 14 can include a body 20, a seal 
element 22 and a grip ring 24. It will be appreciated that 
although the particular fitting illustrated is a straight union, 
the teachings of the present invention have applicability to 
various other types of fittings, including elbows, tees, caps, 
adapters, reducers, bushings, etc. 
The body 20 can be made from any structural but ductile 

material. Such as copper, brass, bronze, stainless steel or 
another metal. In the example provided, the body 20 is made 
of a copper alloy so as to eliminate the potential for a galvanic 
reaction with the copper alloy of the structure 12. The body 20 
can include a hollow insertion end 26 that can have an end 
face 28, an abutting wall 30 and an interior surface 32. A 
cavity 34 defined by insertion end 26 can be configured to 
receive an associated end 36 of the structure 12. 

Optionally, the body 20 can include a mount 40 and a stop 
42. The mount 40 can be configured to hold and position the 
seal element 22 and/or the grip ring 24, while the stop 42 can 
be a feature that inhibits the insertion of the structure 12 into 
the cavity 34 beyond a predetermined distance. For example, 
the mount 40 can define a pair of annular cavities 44a, 44b 
having a semi-toric inner Surface 46 and the stop 42 can 
comprise a necked down area and/or one or more dimples 
and/oran annular roll (formed in the body 20) that can extend 
into the cavity 34 such that an axial end face 48 of the end 36 
of the structure 12 can contact the stop 42 to limit an amount 
by which the end 36 is inserted into the body 20. 

The seal element 22 can be any type of seal that is config 
ured to sealingly engage the interior Surface 32 of the inser 
tion end 26 and an exterior surface 50 of the end 36 of the 
structure 12. In the particular example provided, the seal 
element 22 comprises an O-ring that is received in the annular 
cavity 44b and is sized to sealingly engage the interior and 
exterior surfaces 32 and 50 upon insertion of the end 36 of the 
structure 12 into the insertion end 26 of the body 20 and 
through the seal element 22. It will be appreciated, however, 
that the seal element 22 could be configured to sealingly 
engage the interior surface 32 and/or the exterior surface 50 
only after the body 20 has been secured to the structure 12 to 
inhibit axial movement of the fitting 14 relative to the struc 
ture 12. 

With reference to FIGS. 3 and 4, the grip ring 24 can be 
configured to permit the end 36 of the structure 12 to be 
inserted into the insertion end 26 but resist withdrawal of the 
end 36 of the structure 12 from the insertion end 26. The grip 
ring 24 can have a ring body 60 and a plurality of gripping 
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4 
elements 62 that can be coupled to the ring body 60. In the 
particular example provided, the ring body 60 defines a cir 
cumferentially extending structure that is abutted against the 
abutting wall 30, while the gripping elements 62 comprise 
circumferentially spaced-apart teeth 64 that are resiliently 
coupled to a proximal end of the ring body 60. The teeth 64 
can extend from the ring body 60 in direction that is radially 
inward and axially away from the proximal end 36 of the ring 
body 60. The grip ring 24 can be received in the cavity 34 in 
the insertion end 26 and can be coupled to the body 20 in a 
manner that limits movement of the grip ring 24 in an axial 
direction relative to the body 20 (e.g., such that movement of 
the grip ring 24 in a direction that would withdraw the grip 
ring 24 from the insertion end 26 causes the grip ring 24 to 
contact the abutting wall 30). In the example provided, the 
grip ring 24 is received in the annular cavity 44a in the mount 
40 such that grip ring 24 impinges on the semi-toric inner 
surface 46 to thereby limitaxial movement of the grip ring 24. 

In the example provided, the grip ring 24 has open ends 66, 
which permits the grip ring 24 to be inserted into the annular 
cavity 44a after the body 20 of the fitting 14 has been formed. 
It will be appreciated, however, that the grip ring 24 can be 
formed in an endless manner and that in Such case, it may be 
desirable to install the grip ring 24 into the fitting 14 prior to 
the formation of the abutting wall 30. 

Returning to FIGS. 1 and 3, the fitting 14 can be coupled to 
the structure 12 by inserting the end 36 of the structure 12 into 
the insertion end 26 and forcing the end36 axially through the 
grip ring 24 and the seal element 22. The seal element 22 may 
be configured such that it does not sealingly engage one or 
both of the interior surface 32 of the insertion end 26 (i.e., the 
semi-toric inner surface 46 in the particular example pro 
vided) and the exterior surface 50 of the end 36 of the struc 
ture 12. In the particular example provided, however, the seal 
element 22 sealingly engages both the interior Surface 32 of 
the insertion end 26 (i.e., the semi-toric inner surface 46 in the 
particular example provided) and the exterior surface 50 of 
the end 36 of the structure 12 when the end 36 of the structure 
12 is inserted through the seal element 22. It will be appreci 
ated that the grip ring 24 is configured to inhibit axial with 
drawal of the end 36 of the structure 12 from the insertion end 
26. A commercially-available crimping tool (not shown), 
such as CT400 crimp tool marketed by Rigid or an M20+ 
crimp tool marketed by Stanley Bostitch, can be employed to 
deform the insertion end 26 of the fitting 14 (schematically 
indicated by reference letter C in FIG. 1) to substantially 
permanently couple the fitting 14 to the structure 12. Addi 
tionally or alternatively, insertion end 26 of the fitting 14 
could be deformed by the commercially available crimping 
tool to create or improve sealing engagement of the seal 
element 22 with the interior surface 32 of the insertion end 26 
(i.e., the semi-toric inner Surface 46 in the particular example 
provided) and/or the exterior surface 50 of the end 36 of the 
structure 12. 
While the grip ring 24 has been illustrated and described as 

being axially closer to the end face 28 of the insertion end 26, 
it will be appreciated that the positions of the grip ring 24 and 
the seal element 22 could be reversed. It will also be appre 
ciated that the spacing between the seal element 22 and the 
grip ring 24 can be sized in a desired manner (e.g., to accom 
modate the jaws of the commercially-available crimp tool 
mentioned above) and that multiple seal elements 22 and/or 
grip rings 24 could be employed if desired. 

While the grip ring 24 has been illustrated in the above 
example as comprising a ring body 60 having a generally 
rectangular cross-sectional shape, it will be appreciated that 
the ring body 60 could be formed differently. With reference 
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to FIG. 5, a portion of another assembly constructed in accor 
dance with the teachings of the present disclosure is generally 
indicated by reference numeral 10a. The assembly 10a can be 
generally similar to the assembly 10 of FIG. 1 except that the 
grip ring 24a has a ring body 60a having a cross-sectional 
shape that is defined by at least one radius Such that the ring 
body 60a of the grip ring 24a is able to pivot on the semi-toric 
inner Surface 46 of the annular cavity 44a more easily than the 
grip ring 24 that is depicted in FIGS. 3 and 4. Stated another 
way, the ring body 60a has an exterior Surface that is shaped 
in a complementary manner to the semi-toric interior Surface 
46 of the annular cavity 44a. Relative to the configuration 
illustrated in FIGS. 3 and 4, the configuration of the grip ring 
24a in this manner may reduce the force that is needed to 
insert the structure through the grip ring and/or may increase 
the retention force of the grip ring 24a (i.e., the force needed 
to pull the structure 12 from the fitting 14a once the structure 
12 has been fully inserted into the insertion end 26a of the 
fitting 14a). 

In FIG. 6, a portion of a third assembly constructed in 
accordance with the teachings of the present disclosure is 
generally indicted by reference numeral 10b. The assembly 
10b can include the structure 12 and a fitting 14b, which can 
be generally similar to the fitting 14 (FIG. 2) except as 
detailed herein. In this example, the mount 40b of the inser 
tion end 26b can be sized to receive the seal element 22, a 
spacing element 70, and the grip ring 24a. While the grip ring 
24 is depicted in FIG. 6 as being similar to the grip ring 
employed in FIG. 5, it will be appreciated that the grip ring 
depicted in FIG. 4 could be employed in the alternative. The 
spacing element 70 can be any type of structure that is con 
figured to axially space the seal element 22 apart from the grip 
ring 24a and need not be configured to form a seal. In the 
particular example provided however, the spacing element 70 
is a seal that is configured to sealingly engage against the 
body 20b and the structure 12. Any type of seal may be 
employed for the spacing element 70, but in the example 
provided, the spacing element 70 is an O-ring that is identical 
to that which is employed for the seal element 22. It will be 
appreciated, however, that if a seal is employed as the spacing 
element 70, the seal need not be identical to that which is 
employed for the seal element 22. 

In situations where a seal is employed for the spacing 
element 70, those of skill in the art will appreciate that the 
spacing element 70 is a secondary seal (whereas the seal 
element 22 is a primary seal). 

In the example of FIG. 7, a portion of a fourth assembly 
constructed in accordance with the teachings of the present 
disclosure is generally indicted by reference numeral 10c. 
The assembly 10c can include a fitting 14c that is similar to 
the fitting 14b of FIG. 6 except as described herein. In this 
example, a seal and gripping assembly 100 is employed in the 
mount 40b in the insertion end 26b of the body 20b. The seal 
and gripping assembly 100 can comprise a sealing element 
22c and a grip ring 24C. 
The grip ring 24c can have a ring body 60c, a first set of 

gripping elements 62 and a second set of gripping elements 
62". The ring body 60c can be a circumferentially extending 
structure to which the first and second sets of gripping ele 
ments 62 and 62" can be coupled. The first set of gripping 
elements 62 can comprise first teeth 64 that can extend in a 
first direction that is radially outwardly from the ring body 
60c and axially toward the abutting wall 30b, while the sec 
ond set of gripping elements 62" can comprise second teeth 
64" that can extend in a second direction that can be radially 
inwardly from the ring body 60c and axially away from the 
abutting wall 30b. The first teeth 64 can be disposed in one or 
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6 
more rows (two rows are employed in the particular example 
illustrated) and can be configured to engage the interior Sur 
face 32b of the insertion end 26b to inhibit axial movement of 
the grip ring 24C in a direction that would tend to withdraw the 
grip ring 24c directly from the insertion end 26c. The second 
teeth 64 can be disposed in one or more rows (two rows are 
employed in the particular example illustrated) and can be 
configured to engage the exterior surface 50 of the end 36 of 
the structure 12 to inhibit axial movement of the grip ring 24c 
in a direction that would permit the grip ring 24c from being 
withdrawn from the end 36 of the structure 12. The grip ring 
24c can be unitarily formed as a continuous annular structure 
(i.e., in an endless manner). In the particular example pro 
vided, however, the grip ring 24C is formed in a discontinuous 
manner from sheet stock (e.g., carbon steel sheet metal, stain 
less steel sheet metal) through a progressive die, fourslide or 
multi-slide. If desired, the ends of the sheet stock material 
may be joined together in an appropriate manner, Such as 
welding. The grip ring 24c can be subjected to secondary 
processes, such as plating or heat treating, if desired. 
The seal element 22c can be coupled to the grip ring 24C in 

any desired manner. In the particular example provided, the 
seal element 22c is formed from an elastomeric material that 
is overmolded to the grip ring 24c Such that the seal element 
22c is cohesively bonded to the grip ring 24c. The seal ele 
ment 22c can define one or more seal members 120that can be 
coupled directly to the grip ring 24c. If desired, the seal 
element 22c can also comprise one or more link members 122 
that can aid in orienting and/or retaining the seal members 
120. 

It will be appreciated from this disclosure that the differ 
ently facing first and second teeth 64' and 64" permit the grip 
ring 24c to grip to both the body 20b of the fitting 14b and the 
end 36 of the structure 12. It will also be appreciated that it 
may be desirable to insert the seal and gripping assembly 100 
prior to the formation of the abutting wall 30b. 

With reference to FIGS. 8 and 9, a portion of a fifth assem 
bly constructed in accordance with the teachings of the 
present disclosure is generally indicated by reference 
numeral 10d. The assembly 10d can comprise a structure 12 
and a fitting 14d. The fitting 14d can include a body 20d, a seal 
element 22, and a grip ring 24d. 
The body 20d can be made from any structural but ductile 

material. Such as copper, brass, bronze, stainless steel or 
another metal. In the example provided, the body 20d is made 
of a copper alloy so as to eliminate the potential for a galvanic 
reaction with the copper alloy of the structure 12. The body 
20d can include a hollow insertion end 26d that can have an 
end face 28d, an abutting wall 30d and an interior surface 32d. 
A cavity 34d defined by insertion end 26d can be configured 
to receive an associated end 36d of the structure 12. 

Optionally, the body 20d can include a mount 40d and a 
stop 42d. The mount 40d can be configured to hold and 
position the seal element 22 and/or the grip ring 24d, while 
the stop 42d can be a feature that inhibits the insertion of the 
structure 12 into the cavity 34d beyond a predetermined dis 
tance. For example, the mount 40d can define a pair of annular 
cavities 44d-1, 44d-2. The annular cavity 44d-1 can be 
defined by a first wall member 200, which can be disposed 
generally perpendicular to the longitudinal axis 202 of the 
body 20d, a second wall member 204 that can be generally 
V-shaped in cross-section, and a third wall member 206 that 
can extendaxially between the first and second wall members 
200, 204. If desired, the first wall member 200 and/or the 
second wall member 204 can extend radially inwardly to an 
extent where it/they can aid in supporting the end 36d of the 
structure 12 (e.g., to help align the structure 12 to the longi 
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tudinal axis 202). The annular cavity 44d-2 can be defined by 
the second wall member 204, a fourth wall member 208, 
which can have a concave inner surface 210, and a fifth wall 
member 212 that can extend axially between and connect the 
second wall member 204 to the fifth wall member 212. As 
another example, the stop 42d can comprise a frusto-conical 
Zone 220 on the interior surface 32d that can align the struc 
ture 12 to the longitudinal axis 202, as well as to inhibit 
insertion of the end 36d of the structure 12 into the interior 
cavity 34d beyond a predetermined dimension. 
The grip ring 24d can be configured to permit the end 36d 

of the structure 12 to be inserted into the insertion end 26d but 
to resist withdrawal of the end 36d of the structure 12 from the 
insertion end 26d. The grip ring 24d can have a ring body 60d 
and a plurality of gripping elements 62d that can be coupled 
to the ring body 60d. In the particular example provided, the 
ring body 60d defines a circumferentially extending structure 
that is abutted against the abutting wall 30d, while the grip 
ping elements 62d comprise circumferentially spaced-apart 
teeth 64d that are resiliently coupled to a proximal end 60d-1 
of the ring body 60d. The teeth 64d can extend from the ring 
body 60d in direction that is radially-inward and axially away 
from the proximal end 60d-1 of the ring body 60d. The grip 
ring 24d can be received in the cavity 34d in the insertion end 
26d and can be coupled to the body 20d in a manner that limits 
movement of the grip ring 24d in an axial direction relative to 
the body 20d (e.g., Such that movement of the grip ring 24d in 
a direction that would withdraw the grip ring 24d from the 
insertion end 26d causes the grip ring 24d to contact the 
abutting wall 30d). In the example provided, the grip ring 24d 
is received in the annular cavity 44d-1 in the mount 40d such 
that grip ring 24d abuts the first wall member 200 and is at 
least partly supported by the second wall member 204 (e.g., 
the teeth 64d lie along a portion of a side of the second wall 
member 204) to thereby limitaxial movement of the grip ring 
24d. The grip ring 24d can have open ends (not shown), which 
permits the grip ring 24d to be inserted into the annular cavity 
44d-1 after the body 20d of the fitting 14d has been formed. It 
will be appreciated, however, that the grip ring 24d could be 
formed in an endless manner and that in Such case, it may be 
desirable to install the grip ring 24d into the fitting 14d prior 
to the formation of the first wall member 200. 

The fitting 14d can be coupled to the structure 12 by insert 
ing the end 36d of the structure 12 into the insertion end 26d 
and forcing the end 36d axially through the grip ring 24d and 
the seal element 22. The seal element 22 may be configured 
Such that it does not sealingly engage one or both of the 
interior surface 32d of the insertion end 26d and the exterior 
surface 50 of the end 36d of the structure 12. In the particular 
example provided, however, the seal element 22 sealingly 
engages both the interior surface 32d of the insertion end 26d 
and the exterior surface 50 of the end 36d of the structure 12 
when the end 36d of the structure 12 is inserted through the 
seal element 22. It will be appreciated that the grip ring 24d is 
configured to inhibit axial withdrawal of the end 36d of the 
structure 12 from the insertion end 26d. A commercially 
available crimping tool (not shown), such as CT400 crimp 
tool marketed by Rigid or an M20+ crimp tool marketed by 
Stanley Bostitch, can be employed to deform the insertion 
end 26d of the fitting 14d to substantially permanently couple 
the fitting 14d to the structure 12d. Additionally or alterna 
tively, insertion end 26d of the fitting 14d could be deformed 
by the commercially available crimping tool to create or 
improve sealing engagement of the seal element 22 with the 
interior surface 32d of the insertion end 26 and/or the exterior 
Surface 50d of the end 36d of the structure 12. 
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It will be appreciated that this configuration provides a leak 

path P where pressurized fluid may leak in a space S between 
the end 36d of the structure 12 and the mount 40d and can urge 
the seal element 22 against both a sloped frusto-conical Sur 
face 300 of the second wall member 204 and the exterior 
surface of the structure 12. Movement of the seal element 22 
in this manner drives the seal element 22 in an axial direction 
(i.e. axially outwardly of the insertion end 26d) so that it is 
further compressed between sloped frusto-conical surface 
300 and the exterior surface of the structure 12 to provide 
improved sealing. 

With reference to FIGS. 10 and 13-15, another component 
or structure 412 and fitting 414 are provided. The fitting 414 
can couple two structures 412 to each other for sealed, fluid 
communication between the two structures 412. The struc 
tures 412 and fitting 414 can be incorporated into the assem 
bly 10 (FIG. 1), for example. 
As described above, the assembly 10 may communicate 

(i.e., Supply, deliver, route) a fluid, such as a gas or liquid and 
as Such, the structures 412 may be lengths of tubing. More 
particularly, the structures 412 in the particular embodiment 
illustrated may be lengths of drawn (full hard) copper tubing 
that are Suitable for use in a system for the transmission of 
potable water. It will be appreciated, however, that the teach 
ings of the present disclosure have broader applicability and 
as such, the scope of the present disclosure (and appended 
claims) is not limited to the particular application described 
and illustrated herein but rather extends to any joint wherein 
the components of the joint are fixedly and sealingly joined in 
the manner disclosed herein. In this regard, it will be appre 
ciated that the structures 412 need not be tubular structures 
but rather could be any structure, such as a shaft, that suffi 
ciently corresponds in size and shape to the fitting 414 So that 
a sealed or fluid-tight joint or connection may be formed 
therebetween. 
As shown in FIGS. 10 and 15, each of the structures 412 

can include a plurality of knurls 416 formed on an outer 
diametrical surface 417 of one or both end portions 418 of the 
structures 412. It will be appreciated that end portions 418 of 
the structures 412 could include dimples, ridges, teeth, bumps 
and/or other gripping or engagement features in the alterna 
tive to or in addition to the knurls 416. 
A suitable tool 440 for forming the knurls 416 is illustrated 

in FIGS. 11 and 12. The tool 440 can include a plurality of 
knurling wheels 442 that can be moved relative to one another 
to drive the knurling wheels 442 into the structure 412. It will 
be appreciated that other wheels and/or other tools may be 
employed to form the knurls and/or other features on the 
structures 412. 

In some embodiments, the knurls 416 and/or other gripping 
or engagement features on the end portions 418 may be raised 
relative to the rest of the outer diametrical surface 417 of the 
structure 412. That is, the knurls and/or other gripping or 
engagement features may define a slightly larger outer diam 
eter than an outer diameter of an intermediate portion 419 
(between opposing end portions 418) of the structure 412. In 
other embodiments, the outer diameter of the knurled end 
portions 418 may be approximately equal to the non-knurled 
intermediate portion 419. 
As shown in FIGS. 13-15, the fitting 414 can include a 

body 420 and a plurality of seal elements 422. It will be 
appreciated that although the particular fitting 414 depicted in 
FIGS. 13-15 is a straight union, the teachings of the present 
disclosure have applicability to various other types of fittings, 
including elbows, tees, caps, adapters, reducers, and bush 
ings, for example. 
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The body 420 can be made from any structural but ductile 
material. Such as copper, brass, bronze, stainless steel or 
another metal. In the example provided, the body 420 is made 
of a copper alloy so as to eliminate the potential for a galvanic 
reaction with the copper alloy of the structure 412. The body 
420 can include a hollow insertion ends 426 that can have end 
faces 428, and an interior surface 432. A cavity 434 defined by 
insertion ends 426 can be configured to receive end portions 
418 of the structures 412. While not shown in the figures, the 
body 420 could include a stop (similar to the stop 42 
described above, for example) to inhibit insertion of the struc 
tures 412 into the cavity 434 beyond a predetermined dis 
tance. The body 420 could also include one or more annular 
protuberances 443 that define annular cavities 444. 
The seal elements 422 can be any type of O-ring or seal that 

is configured to sealingly engage the interior Surface 432 of 
the fitting 414 and an outer diametrical surface 417 of the end 
portions 418 of the structures 412. In the particular example 
provided, the seal elements 422 are received in the annular 
cavities 444 and are sized to sealingly engage the Surfaces 
417. 432 upon insertion of the end portions 418 of the struc 
tures 412 into the corresponding insertion ends 426 of the 
body 420 and through the seal elements 422. 
Some or all of the interior surface 432 of the body 420 may 

include a plurality of knurls 446 and/or dimples, ridges, teeth, 
bumps and/or other gripping or engagement features. In the 
particular embodiment illustrated, the interior surface may 
include a non-knurled or smooth-bored portion 448 at a cen 
tral portion of the body 420 and first and second knurled 
portions 450, 452 on corresponding sides of the smooth 
bored portion 448. The annular cavities 444 may or may not 
include knurls 446. 

In some embodiments, the knurls 446 and/or other gripping 
or engagement features of the knurled portions 450, 452 may 
protrude radially inward relative to the smooth-bored portion 
448. In other embodiments, the inner diameters of the knurled 
portions 450, 452 may be approximately equal to the inner 
diameter of the smooth-bored portion 448. 
As shown in FIG. 15, the fitting 414 may engage two 

structures 412 to form a secure, fluid-tight engagement ther 
ebetween. To engage the structures 412 with the fitting 414, 
each structure 412 may be inserted into a corresponding inser 
tion end 426 of the body 420. The outer diameters of the 
structures 412 and inner diameters of the knurled portions 
450, 452 of the fitting 414 may be sized relative to each other 
such that one of the end portions 418 of each of the structures 
412 can be inserted or pressed into corresponding insertion 
ends 426. 

In some embodiments, an interference fit may secure the 
structures 412 relative to the fitting 414. That is, after insert 
ing or pressing the end portions 418 into the corresponding 
insertion ends 426, a tool (not shown) may be used to com 
press, crimp or otherwise deform the body 420 of the fitting 
414 radially inward to more securely engage the knurled 
portions 450, 452 of the fitting 414 with the knurls 416 of the 
end portions 418 of the structures 412. In some embodiments, 
this crimping, compressing or deforming may cause slight 
radially inward compression or deformation of the end por 
tions 418 of the structures 412 (i.e., causing a slight reduction 
of the inner diameters of the end portions 418). The reduction 
of the inner diameters of the end portions 418 may be so slight 
that there may be little or no appreciable restriction or impedi 
ment to fluid flow through the structures 412 and fitting 414 
that is attributable to the diameter reduction. The tool used to 
crimp, compress and/or deform the fitting 414 and/or end 
portions 418 could, for example, be of the type described in 
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10 
Assignee's commonly owned U.S. Pat. No. 7,516,990, the 
disclosure of which is hereby incorporated by reference. 
The press-fit and/or interference-fit engagement of the 

structures 412 and fitting 414 described above may cause the 
knurls 416 of the structures 412 to securely engage and/or 
mesh with the knurls 446 of the corresponding knurled por 
tion 450, 452 of the fitting 414. In this manner, the knurls may 
cooperate to provide engagement between the fitting 414 and 
the structures 412 that is secure enough that adhesive, braZ 
ing, Soldering, welding, clamping, or other fastening means 
or devices may not be necessary. In the particular embodi 
ment illustrated in FIG. 15, no adhesive or other fastening 
device or means securing the structures 412 to the fitting 414 
is included. 

In other embodiments, the end portions 418 and insertion 
ends 426 may be sized relative to each other such that the end 
portions 418 may be pressed into the insertion ends 426 to 
create a sufficiently secure connection therebetween that 
crimping, compressing and/or deforming the fitting 414 and 
structures 412 may not be necessary. 
The methods of engaging the structures 412 and the fitting 

414 described above may be especially desirable and advan 
tageous when the structures 412 are relatively small diameter 
pipes. For example, in certain applications, it may be difficult 
and/or expensive to manufacture grip rings that effectively 
and reliably engage pipes having approximately two-inch 
diameters and smaller. It will be appreciated that the prin 
ciples of the present disclosure are applicable to pipes and 
fittings of any size. 
The foregoing description of the embodiments has been 

provided for purposes of illustration and description. It is not 
intended to be exhaustive or to limit the disclosure. Individual 
elements or features of a particular embodiment are generally 
not limited to that particular embodiment, but, where appli 
cable, are interchangeable and can be used in a selected 
embodiment, even if not specifically shown or described. The 
same may also be varied in many ways. Such variations are 
not to be regarded as a departure from the disclosure, and all 
such modifications are intended to be included within the 
Scope of the disclosure. 

What is claimed is: 
1. An assembly comprising: 
a fitting including an annular body having a first insertion 

end and an inner diametrical Surface having a first 
knurled portion disposed adjacent the first insertion end; 

a first pipe having a first end portion that is received into the 
first insertion end of the body and an outer diametrical 
Surface including knurls formed thereon, the knurls of 
the outer diametrical Surface engaging the first knurled 
portion of the fitting; and 

a first seal element disposed within the fitting and sealingly 
engaged to the first pipe and the fitting body, 

wherein engagement between the inner diametrical Surface 
of the fitting and the outer diametrical surface of the pipe 
includes one of a press fit and an interference fit. 

2. The assembly of claim 1, wherein the body of the fitting 
includes a second insertion end and the inner diametrical 
Surface includes a second knurled portion disposed adjacent 
the second insertion end. 

3. The assembly of claim 2, further comprising a second 
pipe having a second end portion that is received into the 
second insertion end of the fitting body and an outer diametri 
cal surface including knurls formed thereon, the knurls of the 
second pipe engaging the second knurled portion of the fit 
ting. 
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4. The assembly of claim 3, wherein the inner diametrical 
Surface of the fitting includes a non-knurled portion disposed 
between the first and second knurled portions. 

5. The assembly of claim 1, wherein the engagement 
between the fitting and the first pipe is free from adhesive. 

6. The assembly of claim 1, wherein one or both of the 
fitting and the first pipe are deformed radially inward to form 
the interference fit between the fitting and the structure. 

7. The assembly of claim 1, wherein the seal element 
surrounds the outer diametrical surface of the structure. 

8. The assembly of claim 7, wherein the seal element is 
received in an annular cavity that extends radially outward 
relative to the inner diametrical surface. 
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